Abstract The aim of this study was to investigate the thermal behaviour of cement-asbestos wastes and to determine whether it is possible to use them in the production of building ceramics, e.g. clinker bricks. In the first part of the research, the process of cement-asbestos thermal decomposition was studied. This asbestos material contained the chrysotile and crocidolite variety of asbestos. The results of this study allowed to determine the lowest temperature of thermal treatment that provides asbestos detoxification. The second part of the paper presents the results of a preliminary study on using previously calcined cement-asbestos wastes as an additive to ceramic masses typical for clinker bricks. Green compacts containing various amounts of cement-asbestos wastes were sintered and then ceramic properties were determined. The results of the study indicate that calcined asbestos-containing materials can be used as one of the secondary raw materials in the production of clinker ceramics.
Introduction
Asbestos is the commercial name for several types of naturally occurring fibrous silicate minerals. These minerals are divided into two main groups: serpentine and amphibole asbestos. Serpentines are hydrous magnesium silicates and they occur as one asbestiform, fibrous mineral: chrysotile (white asbestos) with an ideal chemical formula, Mg 3 (OH) 4 (Si 2 O 5 ). This mineral with sheet structure was the most often commercially used form of asbestos and covered more than 90 % of world production of asbestos. Amphiboles are double-chain silicates and contain five asbestiform minerals with an ideal chemical formula: actinolite Ca 2 (Mg,Fe) 5 2 . Among these amphibole minerals, only crocidolite (blue asbestos) and amosite (brown asbestos) were used on a large industrial scale [1, 2] .
Due to the preferred usable features such as nonflammability, mechanical and tensile strength, electrical, heat or sound insulating properties and chemical resistance, asbestos minerals were widely used in the past for various industrial applications. The main direction of asbestos use was the widely understood building industry. The most popular products based on asbestos were cement-asbestos assortments. About 85 % of asbestos imported to Poland was used for their production [3] . The huge popularity of cement-asbestos in the building industry of the twentieth century stemmed from its inexpensive production process combined with ease of forming various shapes. The most extensive use has been in flat sheets, tiles, corrugated sheets for roofing, rainwater and pressure pipes. Cementasbestos products usually contained 10-16 wt% of asbestos, whose main function was fibrous reinforcement in the cement [4] .
Generally, the asbestos era ended in developed countries in the late twentieth century when the carcinogenic properties of asbestos were discovered and confirmed by many studies. On the other hand, it should also be noted that there are still countries where the manufacture and use of asbestos-containing materials is not prohibited [5] . Currently, asbestos minerals are considered as hazardous material for people that cause lung diseases such as asbestosis or lung cancer. The most dangerous are the respirable fibres, which have a length greater than 5 lm, a diameter less than 3 lm and a length-to-diameter ratio above 3:1 [6, 7] . In many countries there is only one way of dealing with these dangerous wastes, which are stored in controlled landfill sites [8] . This procedure does not completely solve the asbestos problem because the fibrous structure of asbestos is not destroyed-it is only isolated from the human environment.
In the literature there are several reports about possible utilisation methods of asbestos-containing materials which generally describe the destruction of the asbestos fibrous structure by dissolution in an acidic environment [9] [10] [11] [12] , melting and subsequent solidification [13] [14] [15] , amorphisation by mechanochemical techniques [16, 17] , or by biological method [18] . Asbestos-containing wastes can also be subject to classic heat treatment (calcination, annealing) at a sufficiently high temperature, providing thermal decomposition of asbestos minerals. The last method is most commonly presented in the specialist literature [19] [20] [21] [22] because of its simplicity in implementation and potentially wide range of proposed applications of the obtained product after thermal treatment, e.g. as secondary ceramic raw material [23] [24] [25] [26] .
The thermal utilisation method of asbestos minerals is quite well known, especially with respect to chrysotile asbestos, and has been described in the specialist literature [27] [28] [29] [30] . Generally, this method is associated with the dehydroxylation process of asbestos minerals and in designating the optimal temperature of thermal treatment. In the case of cement-asbestos materials, these investigations can be more complicated due to the multiphase reacting system. The reaction paths should be completely modified due to the presence of other cementitious phases and operating conditions, e.g. varying degrees of exposure to weather conditions in which the cement-asbestos assortment was used [31] [32] [33] .
Important results were provided in a study by Italian researchers [34] who studied more than 25 cement-asbestos samples removed from different locations in Italy. Chemical analysis of the tested samples showed significant differences in the chemical composition (expressed as oxides); for example, the content of SiO 2 ranged from 21.8 to 45.2 wt%, while the CaO content changed from 26.7 to 38.4 wt%. Other components were also changed to a lesser or greater extent. Phase composition as determined by the X-ray analysis method was also varied. Generally, among all of the tested samples the authors identified 25 different crystalline phases. In aged cement-asbestos samples, calcite was the most abundant detected crystalline phase. On the other hand, the weight fraction of the amorphous fraction not determined by XRD analysis was quite variable and ranged from 9.5 to 66.6 wt%. Chrysotile asbestos was identified in all samples, while amphibole asbestos (without distinction as to the type of amphibole asbestos) was detected in 17 out of 29 samples. The authors also identified products of cement hydration and unreacted clinker phases. According to the authors, batches of cement-asbestos materials from different plants, in particular slates and undergoing the same thermal treatment, may yield different end products. This was confirmed by studies presented by Viani et al. [35] , in which the high-temperature inertisation product of a representative batch of previously mentioned cement-asbestos samples was characterised. The chemistry of the investigated samples is dominated by Si, Ca and Mg, although significant differences between the samples exist. All of the raw cementasbestos samples were heated at 1200°C for 15 min and then were characterised with a combination of analytical techniques. A series of solid state reactions leading to global structural changes of the matrix with a complete transformation of asbestos minerals was observed. After thermal treatment, phase composition was determined by XRD analysis in which the authors found about 25 crystalline phases in the cement-asbestos materials in various proportions depending on the origin of the cement-asbestos waste. The authors identified three classes of product obtained by high-temperature cement-asbestos treatment. They indicated that the obtained material may belong to a larnite-rich, bredigite-rich or akermanite-rich product and hence can find various further applications.
The aim of the research presented in this study was (i) to determine thermal stability as well as structural and phase changes of cement-asbestos corrugated sheet during the calcination process to a high temperature and to classify it into one of the above-mentioned classes (ii) to select the minimal temperature of cement-asbestos thermal treatment at which the dangerous properties of asbestos disappeared, and (iii) to demonstrate the possibility of using previously thermally treated cement-asbestos material as a secondary raw material in the manufacture of clinker ceramics used as a building material.
Experimental
The subject of examination was corrugated cement-asbestos slate. The slate came from Upper Silesia (Poland), from around the city of Mikołów. The slate had been exposed to outside weather conditions for about 30 years. The asbestos material was the façade and roof panels of a shed. Different types of asbestos were observed in the fracture of a sample, e.g. there were yellowish-green and dark-blue bundles of fibres, potentially chrysotile and crocidolite asbestos, respectively. This cement-asbestos material was subjected to classical wet chemical analysis and the main chemical components were determined by standard laboratory procedure applied for the chemical analysis of aluminosilicate materials. The cement-asbestos sample was fused with a mixture of sodium carbonate and sodium tetraborate, evaporated to dryness with concentrated hydrochloric acid for isolation of silicic acid anhydride and then filtered and calcined for the resulting precipitate. The resulting filtrate was used for further assays for which Fe 2 O 3 , Al 2 O 3 , CaO and MgO contents were determined by titration with EDTA (ethylenediaminetetraacetic acid sodium salt complexing agent) against appropriate indicators. The SiO 2 content was determined using the gravimetric method by stripping silicic acid anhydride using hydrofluoric acid. The SO 3 content was also determined gravimetrically by dissolving the sample in hydrochloric acid and following precipitation of sulphate ions by barium ions. Loss on ignition (LOI) was determined by annealing in a laboratory oven at 1000°C to a constant weight.
This cement-asbestos waste was subjected to ex situ X-ray analysis (XRD), Fourier transform infrared spectroscopy (FT-IR) as well as differential thermal analysis (DTA) and thermogravimetry (TG). Moreover, its microstructure was observed by scanning electron microscopy (SEM). In order to accurately determine the temperature range of the disappearance of asbestos mineral by thermal treatment and change in phase composition, hightemperature X-ray measurement (in situ method; HT-XRD) was applied. The minimal temperature of cement-asbestos thermal treatment was selected based on the obtained results. Then, to check for potential usability of cementasbestos waste as a secondary raw material for the production of clinker ceramics, the waste was subjected to initial calcination in a laboratory furnace at a selected temperature for 2 h. The obtained product was also characterised by XRD, FT-IR, DTA/TG and SEM analysis.
Thermal analysis (DTA and TG) was performed using a Paulik-Paulik-Erdey type derivatograph (MOM, Hungary) within the range of temperature of 20-1000°C. The conditions were as follows: mass of sample 500 mg, air atmosphere, heating rate 10 K min -1 , alumina crucible and Al 2 O 3 as the reference material. XRD analysis of the examined samples was carried out using a PANalytical X'pert Pro diffractometer (CuK a radiation, Ni filter, 40 kV, 30 mA, X'Celerator detector). The in situ high-temperature diffraction experiment was conducted using the same diffractometer equipped with an Anton Paar HTK2000 heating chamber. X-ray diffraction patterns were collected in continuous mode in a range of 6°-55°2h. Data were collected in the temperature range of 25-1200°C, at steps of 100°C with additional measurement at 650°C. IRspectra were measured on a Nicolett 6700 FT-IR spectrophotometer (ATR method). The microstructure of the samples was examined by a scanning electron microscope (Hitachi TM-3000). Observations were made after coating the sample surfaces with a thin layer of gold in order to obtain conductivity.
A commercial raw mix of ceramic clinker was used (CRH Klinkier; Patoka, Poland) in the second stage of the study during which recycling tests were carried out. The chemical composition of used commercial raw mix of ceramic clinker is as follows: SiO 2 62.4 wt%, Al 2 O 3 17.0 wt%, Fe 2 O 3 9.5 wt%, TiO 2 0.8 wt%, CaO 0.4 wt%, MgO 1.3 wt%, K 2 O 2.0 wt%, MnO 0.2 wt%, LOI 6.3 wt%. Mineral composition of used commercial raw mix contains clay and non-clay minerals. Among clay minerals a principal role is played by kaolinite (ICDD-PDF 00-058-2028). Illite (ICDD-PDF 00-026-0911) is present as an admixture. Non-clay minerals are represented by quartz (ICDD-PDF 01-070-3755), muscovite (ICDD-PDF 01-070-3754) and siderite (ICDD-PDF 00-029-0696).
Different amounts of previously calcined cement-asbestos (0-10 wt%) were added as a leaning agent, i.e. a component that reduces shrinkage, to this mass. The raw materials had the following grain size: \1 mm for clay and \0.5 mm for calcined cement-asbestos. The mixtures were homogenised in a ball-mill for 15 min, then mixing water was added (15 wt% to obtain semi-dry masses) and further homogenised for 24 h in a closed foil bag. The green samples, formed as cylinders (30 mm in diameter and about 30 mm in height, uniaxial compression at 15 MPa), were dried in room temperature and in a laboratory dryer at 105°C. Then they were sintered at 1100, 1150 and 1200°C for 1 h at maximum temperature. Finally, these samples were naturally cooled in a furnace until they reached room temperature. After thermal treatment, total linear shrinkage, water absorption, open porosity, apparent density and compressive strength were measured on representative samples following standard laboratory procedures. Freeze resistance was also determined.
Results and discussion
Characterisation of the cement-asbestos material and its thermal decomposition
The chemical composition of the investigated cement-asbestos sample is reported in Table 1 . These values are close to the results obtained in a chemical analysis by Witek et al. [36] , where the content of the main chemical components was as follows: CaO 41.8 wt%, SiO 2 19.3 wt% and LOI 25.1 wt%. Generally, the composition is also similar to that in samples tested by Viani et al. [34] . Values of the SO 3 and MgO content and loss on ignition are in the range reported by the Italian study [34] . In the considered cement-asbestos sample, the SiO 2 content is slightly smaller than the minimal participation in the Italian samples (18.5 vs. 21.8 wt%), while the CaO content is the biggest (41.9 vs. the 26.7-38.4 wt% range reported in [34] ). This difference may be due to the different manufacturing processes of cement-asbestos and the ageing process, with varying intensity depending on the region and the time during which the cement-asbestos materials were used. According to [34] , quartz was often used as a filler in Italian cement-asbestos products. Cement-asbestos manufacturers in Poland rather did not use additional mineral fillers. In the tested sample an increased content of Fe 2 O 3 (3.4 vs. 2.9 wt% [36] ) was also observed. This can be explained by the presence of crocidolite (blue asbestos) which increased the iron content in the sample. Figure 1 shows the XRD patterns of the raw cementasbestos sample and that calcined at a selected temperature (700°C). This raw cement-asbestos sample contained both chrysotile (ICDD-PDF 00-027-1276) and crocidolite (ICDD-PDF 00-060-0343) asbestos. This is confirmed by the two strongest diffraction interferences originating from these asbestos minerals at 11°-12°2h. It can be observed that the main crystalline phases of raw cement-asbestos waste were calcium carbonate CaCO 3 (as calcite and vaterite (ICDD-PDF 04-012-8072, ICDD-PDF 00-060-0483, respectively)) and portlandite Ca(OH) 2 (ICDD-PDF 04-006-9147). Ettringite (ICDD-PDF 00-041-1451) and gypsum (ICDD-PDF 04-009-3817) as well as b-dicalcium silicate (ICDD-PDF 01-083-0461), tricalcium silicate (ICDD-PDF 04-014-9801), katoite (ICDD-PDF 00-038-0368) and traces of quartz (ICDD-PDF 00-033-1161) were also identified. Portlandite is one of the main products of the cement hydration process where the formation of calcium silicate hydrates (CSH phase) also occurs. The CSH phases generally possess a low degree of crystallinity and are X-ray amorphous, so they are rather not visible on the XRD patterns. In this cement-asbestos sample study, only the hydrogarnet of the katoite-hibschite series Ca 3 Al 2 (SiO 4 ) 3-x (OH) 4x is the best represented and detected hydrated crystalline phase. Calcium carbonates are the main products of weathering as observed in the cementasbestos sample. Their presence is due to the carbonation process of the cement matrix with atmospheric CO 2 . Gypsum and ettringite are observed because gypsum CaSO 4 Á2H 2 O was added as the setting-time regulator for cement and because they may be created as a result of interaction with the environment (acid rain). In the presence of gypsum the calcium aluminate of cement clinker reacts with water, producing ettringite Ca 6 Al 2 (SO 4 ) 3 (OH) 12 Á26H 2 O. b-dicalcium silicate and tricalcium silicate were observed as unreacted clinker phases of cement. Figure 2 shows the results of the in situ diffraction experiments (HT-XRD). From a technological point of view and with regard to the potential for thermal utilisation of cement-asbestos waste, the temperature range in which the diffraction interferences of asbestos minerals disappear is the most important. Due to the presence of two asbestos minerals in the considered sample (chrysotile and crocidolite), the absence of X-ray peaks of both types of asbestos is required. The obtained results show that with an increase in temperature the strongest asbestos diffraction interferences disappear at about 700°C, which is marked as a loop in Fig. 2 . Figure 3 was created based on HT-XRD measurement and reports the field of stability of all original and newly formed crystalline phases in the considered cement-asbestos sample with an increase in temperature to a maximum firing temperature of 1200°C. The first phases to decompose are ettringite and katoite, with loss of water up to a temperature of 100°C. According to [37] , ettringite begins losing water at 70°C and the short-range order in the crystal structure is disrupted. The thermal treatment product of ettringite becomes XRD-amorphous. In a temperature range of 100-200°C, the presence of gypsum disappeared. Gypsum decomposed to anhydrite according to the reaction: CaSO 4 Á2H 2 O ? CaSO 4 Á1/2H 2 O ? 3/2H 2 O ? CaSO 4 ? 1/2H 2 O. The thermal decomposition products of katoite and gypsum are not visible on the XRD patterns, most probably due to poor crystallinity and low content in the obtained material after thermal treatment. Between 400 and 500°C, subsequent phases of the cementitious matrix undergo a thermal transformation. In this temperature range portlandite decomposes according to the reaction: Ca(OH) 2 ? CaO ? H 2 O; vaterite is also converted to calcite. According to the literature [38] , at a temperature of *460°C vaterite was subjected to the vaterite-calcite phase transition. Most interesting are the conclusions regarding asbestos stability. Both of the tested asbestos minerals, i.e. chrysotile and crocidolite, from the used cement-asbestos slate are stable up to a temperature of 600°C. After measurement at a temperature of about 800°C the chrysotile diffraction interferences were already absent (specific interferences disappear at 650°C), while for crocidolite asbestos only slightly marked traces were observed. It comes from so-called oxycrocidolite. This is pseudomorph of crocidolite asbestos after its thermal decomposition and dehydroxylation process. However, the temperature 700°C is sufficient for the thermal decomposition of crocidolite, which was confirmed by previous studies [39] , where was found that crocidolite asbestos undergoes dehydroxylation process in the temperature range 400-450°C. Because the in situ diffraction experiment (HT-XRD) was carried out in dynamic conditions, this observation suggests that calcination of cement-asbestos at 700°C should already be sufficient for thermal utilisation of asbestos-containing materials. As a result of asbestos minerals thermal decomposition at a higher temperature, traces of olivine (Mg,Fe) 2 SiO 4 (ICDD-PDF 01-083-0648) were observed. Due to the presence of other phases from the cementitious matrix, products of asbestos thermal decomposition were incorporated into the new phases. Calcite decomposes (CaCO 3 ? CaO ? CO 2 ) at about 700-800°C and produces large amounts of CaO (ICDD-PDF 04-006-5940) which is available as a reactant for successive high-temperature reactions. Lime is present up to 1100°C. The unreacted clinker phases of cement-like b-dicalcium silicate are stable up to 600°C and are then transformed to the high-temperature variety (a-C 2 S in cement notation, a-dicalcium silicate) [40] . After thermal treatment at 1200°C, the periclase (ICDD-PDF 01-075-9568), cristobalite (ICDD-PDF 01-075-3164), dicalcium silicate (ICDD-PDF 00-031-0299) and melilite group Ca 2 (Mg,Fe,Al,Si) 3 O 7 (ICDD-PDF 04-016-3580) were observed. Based on these results, a temperature of 700°C was selected as a possible minimal value of firing treatment that provides thermal destruction of crocidolite and chrysotile asbestos contained in the cement-asbestos material that we tested. The main mineral components of thermally treated cement-asbestos material (after 2 h at 700°C) were calcite and dicalcium silicate (Fig. 1 ). There were also no clearly visible diffraction interferences from the asbestos minerals. The weak interference at *11°2h comes from a relic of crocidolite, so-called oxycrocidolite (Na 2 Fe 4 FeSi 8 O 24 ), and is a result of the dehydroxylation process [41] . The external elongate crystal form is probably retained while the internal structure is already changed. This phenomenon is often observed in the case of clay minerals. It should be emphasised that, in accordance with [41] , the dehydroxylation process of crocidolite asbestos occurs in a temperature range of 400-500°C. This was confirmed by an infrared spectroscopy study. After this process, the crocidolite fibres lose their mechanical strength and are easy to crush [41] .
The obtained product showed high grinding ability and was easily converted to pulverised shape material without any fibrous structures. This was confirmed by SEM observation (Fig. 4) .The SEM micrograph of a cementasbestos sample calcined at 700°C and then lightly crushed shows no fibrous asbestos (Fig. 4c) . Additional studies were carried out in order to confirm the selected minimal temperature of cement-asbestos calcination.
The results of differential thermal analysis (DTA) combined with thermogravimetric (TG) measurement of both raw and calcined cement-asbestos are reported in Fig. 5 . On the DTA curve of raw cement-asbestos waste, four endothermic effects dominated which came from the decomposition of the cementitious matrix. All effects are connected with the mass change. Because of the small Fig. 3 The temperature stability ranges of the crystalline phases in the cement-asbestos sample; narrow strip-traces of phase amount of asbestos minerals in the cement-asbestos material there were no visible characteristic effects from the decomposition of the identified asbestos minerals; these effects were masked by the thermal decomposition of the cementitious matrix components. The first wide endothermic peak is visible in a temperature range of 70-250°C. This peak is connected mainly with water released from the CSH phase and AFt/AFm phase (i.e. ettringite and monosulfoaluminate) [42, 43] . The second endothermic peak at 520°C indicates the presence of portlandite Ca(OH) 2 and its dehydroxylation (Ca(OH) 2 ? CaO ? H 2 O). In the wide temperature range of 650-800°C, a third endothermic effect is observed. This wide temperature range of effect may indicate a different degree of crystallinity of the carbonate minerals [31] or the thermal decomposition of cementitious phases, e.g. jennite [44] . The normal singlestep reaction of calcite thermal decomposition is gradually turned into a double-stage reaction by strong weathering conditions, whereas the calcite structure is disintegrated by the weathering process [45] . At a higher temperature (in the range of 800-900°C) the decomposition of wellcrystalline calcite (CaCO 3 ) takes place [46] . After isothermal calcination at 700°C the most characteristic endothermic effects disappear. Only one effect was observed with a mass change in the range of 800-900°C and indicated the presence and thermal decomposition of calcium carbonate (CaCO 3 ? CaO ? CO 2 ).
To confirm the thermal decomposition of asbestos minerals included in the cement-asbestos material, sample obtained after calcination was studied by the FT-IR method and compared with the IR spectrum of raw cement-asbestos. The results of this study are presented in Fig. 6 . Absorbance bands related to the stretch of OH groups from asbestos minerals are visible on the FT-IR spectrum of the raw cement-asbestos sample in the high wavenumber region. The IR bands recorded in the region of 1400-1500 cm -1 indicate the presence of carbonates and below 1100 cm -1 are typical of the Si-O-Si stretches in the silica network. Calcination at 700°C is sufficient for the asbestos transformation process which causes the disappearance of the characteristic absorption bands of asbestos minerals; the characteristic double band at 3640-3680 cm -1 corresponding to the OH stretching vibrations of asbestos is lost. A characteristic carbonate band at *1400 cm -1 remained due to the fact that the thermal treatment temperature was too low. A temperature of thermal treatment equal to 700°C is too low for the complete thermal decomposition of calcite. This reaction is only initiated, which is indicated by lower intensity of the IR band.
Recycling of the transformation product in clinker brick mixtures
In this section of the research previously calcined cementasbestos (at 700°C for 2 h) was used as a potential secondary raw material for the manufacture of clinker bricks. The results of the physical properties of the obtained clinker ceramic materials (Table 2) show that there is potential for the use of calcined cement-asbestos as a secondary raw material in the production of sintered ceramics.
The values of total linear shrinkage for the masses containing 5 wt% calcined cement-asbestos waste are at similar level to reference masses (without waste) for all sintering temperatures while those with 10 wt% shows lower values. The values of total linear shrinkage for these samples are generally decreased by *1 %. Moreover, with increase of the sintering temperature from 1150 to 1200°C, for all ceramic masses, the inconsiderable decrease of values of this property are observed. It may indicate the initiation of the swelling process and exceeding the optimum firing conditions of ceramics. Confirmation of this fact may be practically no change in the values of apparent density between the samples sintered at 1150 and 1200°C.
Water absorption as well as open porosity of the ceramic materials obtained on the basis of asbestos materials is generally higher than for comparative samples without any add-on cement-asbestos. The exception is material obtained with 5 wt% of calcined cement-asbestos and sintered at 1200°C. In this case lower water absorption was obtained in comparison to the reference material (2.7 vs. 3.3 %). Also, the value of open porosity was the lowest [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] MPa, thus the standard requirements are fulfilled. It should be noted that the addition of 10 wt% of cement-asbestos did not reduce the compressive strength of ceramic material as compared to the sample with 5 wt% of this waste. Moreover, for a sintering temperature of 1100 and 1150°C the values are almost identical. The obtained ceramic materials have full freeze resistance, i.e. they can withstand 25 cycles of freezing and thawing in a temperature range from -25°C to room temperature.
Characteristic microstructure images of the fracture of the obtained ceramic materials are shown in Fig. 7 . A small amount of cement-asbestos (5 wt%) in the ceramic mixtures does not significantly influence the resulting ceramic materials as compared to materials without asbestos wastes. The SEM images are very similar. Increasing the cement-asbestos content to 10 wt% caused clear and visible differences in the microstructure of the resulting clinker brick material, which became more porous.
Conclusions
Thermal treatment is one of the possible and useful methods of cement-asbestos detoxification. This study describes the reaction path and phase composition change that take place during the calcination of cement-asbestos slate containing chrysotile and crocidolite asbestos up to the thermal treatment temperature of 1200°C. As a result of this process the dangerous structure of asbestos minerals is destroyed. The study showed that calcination of cementasbestos (based on chrysotile and crocidolite variety of asbestos) at 700°C is sufficient for thermal utilisation and that it contained absolutely no residual asbestos. The obtained product has high grinding ability and is easily milled to pulverent material. In the second part of the research it was proved that thermally treated cement-asbestos at a temperature of 700°C can be safely recycled as a secondary raw material in the manufacture of clinker ceramics. The addition of 5 wt% of calcined cement-asbestos material does not yield significant variations to the reference material and to the standard production parameters, e.g. water absorption, compressive strength or freeze resistance, of clinker bricks.
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